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Characteristic numbers to describe the 
detail transfer quality of electro-chemical 
machining. 
J. Meijer* and J.C.M. Veringa** 
For reproducing processes such as electrochemical machining (ecm) the 
accuracy of  the reproduct ion is an important  process parameter. 
Characteristic numbers which are a measure of  this accuracy are proposed in 
this paper. Due to the non- l inear i ty of  the process a detail transfer funct ion,  
which is helpful in linear cases, cannot be used, as wil l  be shown f rom 
exper imental  work .  Based on the same experiments,  a characteristic radius 
and the standard deviat ion of  a normal prof i le  are proposed to describe the 
qual i ty  of  the detail transfer. These numbers, which are easily interpreted 
criteria for  qual i ty  and accuracy, have been proved to be almost independent 
of  the geometry.  A l though developed for  opt imiz ing the ecm process, these 
values are also valid for  edm and other  reproducing processes. The usefulness 
of  the characteristic numbers is i l lustrated by a comparison of  cont inuous 
and pulsed ecm processes. 
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Several authors reported improved reproduction accuracy 
with ecm by optimizing the process 1-4. These results are 
unfortunately not easy to compare, because there is no 
standardized quality criterion. In other disciplines, such as 
optics, electronics or process control, transfer functions 
have proved to be very useful. Considering this, a harmonic 
frequency u (which in this application can be thought of as a 
surface wave on the electrode) having an amplitude a(u), 
will generally cause an amplitude a'(u) on the surface of the 
product. From analogy with optical (contrast) transfer 
functions (otf) s a surface reproduction can be described in 
the same way. 
If there is no magnification or phase shift the transfer 
function can be simplified to T(u)=a'(u)/a(u). An example 
of a transfer function is given in Fig 1, starting at the value 
1 at low frequencies and going to zero at high frequencies. 
The value where the amplitude reduction is 50% can be 
chosen as a main characteristic. In this special application 
the characteristic wavelength Xs0 =l/uso is more relevant. 
W~th linear processes it should be possible to measure 
a complete series of superposed frequencies in one test 
specimen. A simple to machine electrode profile, containing 
a series of harmonic frequencies, is a triangle. This can be 
expressed by 
Y(X) = ~ 4H x 
k=0 (2k+l)21r 2 cos[21r(2k+l) ~-] (1) 
Although the ecru process is not linear in itself, an attempt 
was made to find a quality characteristic in this way. To 
that end the corresponding y'(x) (after machining) was 
measured (Fig 2). Using Fourier transformation, the 
amplitudes a'(u) were found for the discrete frequencies 
u=(k/L). Comparing this with the nominal amplitudes 
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which follow from Eq (1) the transfer function T(v) will be 
found. As already mentioned, this is only allowed when the 
process is linear, that means when the solution of a surface 
containing two (or more) superposed different harmonic 
frequencies gives the same result as a superposition of the 
individual solutions. 
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Fig 1 Detail transfer function 
Fig 2 Triangular shaped electrode 
~----Jr 
PREC, ISION ENGINEER ING 0141--6359/84/020079--04 5;03.00 © 1984 Butterworth & Co (Publishers) Ltd 79 
Meijer and Veringa - detail transfer ouality of  ecm 
Experimental arrangmnent 
In the experiment, two sets of workpieces were used. One 
set contained different electrode geometries (top-aries, 
sizes) and was used at constant process conditions to 
establish the influence of electrode geometry. The other set 
was used with varying process conditions at constant 
electrode geometry, to show that the model developed is 
useful to measure the detail transfer quality obtained at 
different process settings. 
The triangular profile was situated at the top of a 
square electrode (10 x 10 mm) which was driven trans- 
versely into the workpiece, composed of a package of strips. 
The profile (Fig 3) was digitized on a measuring machine at 
equidistant steps of 100/xm. The electrolyte flowed over 
the profile as shown in Fig 4. 
Results with ;~so values 
Fig 5 shows the results for different electrode configurations, 
giving Xs0 values for constant process conditions. These 
values were found to be not independent of the electrode 
geometry (L as well as 0), which makes the ;%0 value useless 
to define the process quality. From the experimental results 
it must be concluded that a complete detail transfer function 
cannot be found from copying one single profile containing 
a series of different frequencies. 
This conclusion can be better understood by consider- 
ing the ecru transfer of a single sine with a constant gap 
between both electrodes. As can be easily seen, the trans- 
ferred profile is not an exact sine, so the condition of 
linearity is not fulfilled. 
The characteristic radius 
Nevertheless, the experimental data could be used to develop 
useful characteristics for assessing the quality of the detail 
transfer. As shown in Fig 2, the sharp edges of a triangular 
electrode will produce 'rounding' at the product, which is 
characteristic for ecm. From the measured data it could be 
concluded that r b-~2r t. The mean value rc= (rt+rb)/2 (the 
characteristic radius) has been proved to be reproducible 
for constant process conditions. The results, given in Fig 6, 
are based on the same experimental data as used for Fig 5. 
These results are not a function of the geometry, but only 
of the process conditions, and so offer a good measure for 
the process quality. Another advantage is that the charac- 
teristic radius has some importance for designers as well as 
for production engineers. Fig 7 shows how the product 
quality is influenced by changing the process conditions. 
Computing the results 
The computations have been based on least square methods, 
by which a normal profile is fitted through the measured 
points of the workpiece over a couple of periods. The 
'norm-profile' is built-up of a triangle with top and bottom 
radii r t and r b respectively. When rt+r b < L/cosO (Fig 8, 
right) then the profile is built-up of the radii only. 
The free parameters in both figures are r t and r b. In 
addition there are three linear parameters (x o, Yo and ~) to 
f it  the norm profile through the measured points (Fig 9). 
In this way the norm profile is determined by the function 
Fig 3 Workpiece 
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Fig 4 The electrode is driven into a package of strips 
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Fig 5 Xso -values: mild steel workpiece; copper electrode," 
voltage = 16V," electrolyte = NaCI, 12.5%, 40°C; feed rate = 
2.9 mm/min 
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Fig 6 The characteristic radius which is not a function of 
the geometry 
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y(x)=yOr, xo, Yo,e, rt,rb). To obtain the best fitting with the 
measured points 6 the function F(xo, Yo,e, rt, rb)=~,[y(x)-y ' 
(x)] 2 should be minimized with respect to all five 
parameters. For this purpose a standard procedure 7 has 
been used to give a fast solution. The accuracy of curve 
fitting is given by the standard deviation: 
=(~n [Y(X)-y' (x) ] ' )  "2 
o (2) 
n-5 
This value is a direct measure of the surface quality of the 
profile. For the cases shown in Fig 7 a standard deviation 
0=0.07/~m was found. 
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Pu lsed  ecm 
One of the aims in using a pulsed mode of ecru is to obtain 
a better reproduction quality. When machining in the 
pulsed mode (at the same conditions) it is surprising to find 
no significant change of the characteristic radii (note that 
for a fair comparison the machining velocity was selected in 
accordance with the duty cycle). Nevertheless, pulsed ecm 
gives a much better surface (Fig 10). The difference 
between both surfaces is clearly shown by the second 
characteristic, the standard deviation of the fitting (Eq (2)). 
In the continuous mode 0=0.07/~m has been found, while 
in the pulsed mode 0=0.02/~m has been reached. In the 
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Fig 7 Influence of process conditions on the characteristic radius. Standard deviation of the given points = 0.015 mm 
Nomenc la ture  
H height of a triangle 
L base length of triangle 
T transfer function 
T temperature 
U electrical potential 
a amplitude of electrode 
t 
a amplitude after transfer 
n number of points 
p pressure 
r t top radius 
r b bottom radius 
r c characteristic radius 
v velocity 
x ordinate 
y height ordinate 
y(x) norm function 
y'(x) measured ordinates 
angle 
2~ top angle of triangle 
u frequency 
F ~! r -  
Fig 8 Norm-profiles 
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Fig 9 The norm-profile in the x-y plane (measurement 
co-ordinates) 
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latter case all stream lines on the machined surface were 
removed. 
Conclusions 
The characteristic radius r c has been shown to be a helpful 
number to describe the quality of the detail transfer of ecm 
or similar shape reproducing processes. This value is only a 
.function of the process parameters and independent of the 
geometry. In terms of product design, this value can be 
interpreted as a real radius. 
The overall accuracy of the reproduction is given by 
the standard deviation o of the curve fitting. This value, 
which is considerably improved by pulsed machining, can 
be interpreted as surface roughness (rms-value). This makes 
both values useful to both designers and production engineers. 
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Fig 10 Mild steel machined at 16 V, 6 bar, NaClOz 25%, 
T=25°C. At the top; continuous process v=2.25 mm/min. 
At the bo~om; pulsed process at 200 Hz, pulse time I ms, 
v=0.45 mm/min 
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